INTRODUCTION
Poppy (Papaver somniferum) is cultivated as an annual crop in countries such as China, India, Czech Republic -Slovakia or Turkey. It is grown mainly for its contents of opium and oil seeds. The seeds are used almost exclusively for their oil (Karaefe, 1992; Nergiz and Ötle7, 1994; Bozan and Temelli, 2003) . In many plants, the seed lipid composition differs considerably from the lipids contained in green photosynthetic tissue. Unusual fatty acids are often present in significant percentages in the seed oil (Smith, 1970) . Phytosterols, commonly found in foods such as wheat germ, soybeans and corn oil are also phytochemicals. The health aspects of β-sitosterols, the most common phytosterol, have recently been reported in several studies (Awad et al., 1996; Lopez Ortiz et al., 2006) . Also, plant seed and kernels are important. Tocopherols are particularly important functional components in foods. Phytosterols and tocopherols are components present in the unsaponifiable lipid fraction of foods.
Poppy seed oil appears to be of good quality for human consumption since it is generally rich in polyunsaturated fatty acids (Kryzmanski and Jonsson, 1989; Luthra and Singh, 1989; Bozan and Temelli, 2003) . In Europe, poppy seeds are mostly used for confectionary, similar to the use of sesame seeds and are used extensively in baking and sprinkling on rolls and bread. It was reported that the seeds of P.somniferum were useful for the relief of dysentry, consipation, cough and asthma (Raie and Salma, 1985) .
The seeds are a good source of energy. Also, oil cake is a good fodder for cattle (Harvey, 1988; Duke, 1989) . Poppy seeds are used in Turkey almost exclusively for the extraction of oil. They are also used by the peasant people in pastry making. Some studies on the composition of poppy seed were carried out (Nergiz and Ötle7, 1994; Bozan and Temelli, 2003; Özcan and Atalay, 2006; Bozan and Temelli, 2008 . Las semillas estudiadas de las diferentes variedades de adormidera de Turquía pueden ser una fuente potencial de aceites con valor añadido.
PALABRAS CLAVE: Aceite -Ácido graso -Adormidera -Esteroles -Tocoferoles.
SUMMARY
Determination of fatty acid, tocopherol and phytosterol contents of the oils of various poppy (Papaver somniferum L.) seeds.
The fatty acid, tocopherol and sterol contents of the oils of several poppy seeds were investigated. The main fatty acids in poppy seed oils were linoleic (687.6-739.2 g kg Ϫ1 ), oleic (141.3-192.8 The aim of this study was to determine the chemical properties of various poppy seeds obtained from the Afyon province of Turkey concerning the fat content and the composition of fatty acids, tocopherols and sterols. Eight different varieties collected from the Afyon province in Turkey were used in this study.
MATERIAL AND METHODS

Materials
Different poppy seeds were obtained from the Afyon province in Turkey in the year 2006. Seeds were transferred to the laboratory in polypropylene bags under cool conditions. They were cleaned in an air screen cleaner to remove all foreign matter such as dust, dirt, stones and chaff and immature and broken seeds were discarded as well. Then, seeds were kept in glass jars at +4 °C until analysis.
Campesterol, stigmasterol and cholestanol (internal standard) were purchased from SigmaAldrich Chem.Co. (St. Louis, MO, USA). Bis (trimethylsilyl)-trifluoroacetamide (BSTFA) with 1% trimethyl-chlorosilane (TMCS) was commercially available from Supelco (Bellefonte, PA, USA). β-sitosterol and all other chemicals were analytical grade and obtained from Merck (Darmstadt, Germany). A mix of 37 FAME (C 4 -C 24 ) was purchased from Supelco (Bellefonte, PA, USA). α, β and γ-tocopherol were obtained from Sigma-Aldrich Chem.Co. (St. Louis, MO, USA).
Oil extraction
15 g of seed sample were ground and subjected to oil extraction using a Soxhlet apparatus (Gerhardt) according to AOCS Official methods Am 2-93 .
Fatty acid analysis
The methyl esters of the fatty acids were prepared according to IUPAC (Anonymous, 1987) and analyzed using a Shimadzu GC-2010 gas chromatograph equipped with a DB-23 column (60m x 0.25mm i.d. and 0.25 µm film thickness) (J&W). Injector, column and detector temperatures were 230, 190 and 240 °C, respectively. Split ratio was 80:1. Carrier gas was helium at 1.0 ml/min ratio.
Tocopherol analysis
The sample was prepared by dissolving 1g of oil in 9ml of hexane and injected into a normal phase HPLC to analyze tocopherols , using a Shimadzu SCL-10A HPLC system. The chromatographic separation was done with a Lichrosorb Si60-5 (250 x 4.6 mm id, particle size S5µm) (Hichrom, Reading, UK). The column temperature was maintained at 25 o C. Separation of the tocopherols was based on isocratic elution with n-hexane (99%) and iso-propanol (1%) at 1 mL/min. The eluate was monitored at 295 nm. Tocopherols were quantified based on peak areas compared with an external standard α, β and γ-tocopherol.
Sterol analysis
Preparation of unsaponifiable matter from 5g of oil and determination of the composition of the sterol fractions were done according to the AOCS Official Method Ch 6-91 . Derivatives of the sterols (silylethers) were analyzed using a gas chromatography (Shimadzu GC 2010) equipped with a fused silica capillary column HP-5 (30m ϫ 0.25mm ID and 0.25 µm film thickness) (Chrom Tech., Apple Walley, MN) and quantified using cholestanol (Sigma) as an internal standard. The impurity (cholesterol) of the internal standard was taken into account in the calculations. Identifications of individual peaks were carried out using available reference standards and comparing known retention times of the sterols in olive oil. The split ratio was 80:1 and the carrier gas was helium at 0.8 mL/min. Injector, column and detector (FID) temperatures were 280, 260 and 290 °C, respectively. Three injections of 1 µL were made for each oil.
Statistical analysis
Data for each of the 8 cultivars (n ϭ 2) were recorded as means Ϯ standard errors and analyzed by SPSS (SPSS Inc., Chicago, IL) for Windows (ver. 10.1.). One-way analysis of variance (ANOVA) and Duncan's multiple range test were carried out to test any significant differences between cultivars.
RESULTS AND DISCUSSION
The oil contents of the poppy seeds are given in Table 1 . The oil yields, the major fraction, of poppy seeds varied from 483 to 527 g kg Ϫ1 of the dry weight. Because of economical value of the oil, these seeds could be used as potential sources of oils. Ofis 96 Sarı had the highest oil content (527 g kg . From these varieties, the oil contents of Gri 2. Sınıf, Pembe and 2. Sınıf Beyaz were almost the same (500, 509 and 504 g kg Ϫ1 , respectively). Srinivas and Narasinga et al., 2005; Yücel, 2005) . Özcan and Atalay (2006) reported that the seed oils of several poppy varieties contained 12.85-18.70% palmitic, 2.40-4.30% stearic, 13.11-24.13% oleic, 52.60-71.50% linoleic and 0.16-0.50% linolenic acids. Ryan et al. (2007) reported that poppy seed oil contained 12.20% palmitic, 0.27% palmitoleic, 2.30% stearic, 22.19% oleic, 59.87% linoleic, 1.30% linolenic, 0.67% arachidic, 0.16% gadoleic and 0.29% erucic acids. The fatty acid composition of a poppy seed variety was also determined by Bozan and Temelli (2008) , which consisted of 9.79% palmitic, 1.93% stearic, 13.03% oleic, 74.47% linoleic and 0.60% linolenic acids.
Its high content of linoleic acid makes the poppy seed more suitable for development as a high linoleic acid crop. The proportion of oleic and linoleic acid determines the quality of oil and its use (Green, 1986; Haris et al., 1980; Singh et al., 1998) . In general, high amounts of linolenic acid are unsuitable for oil-food products due to its instability and reversion of flavor associated with autoxidation (Green, 1986; Singh et al., 1998) . So, poppy seed may be a suitable oil seed crop for the food industry due to its very low content of linolenic and high content of linoleic acids (Singh et al. 1998 ). Our results were found similar to the results of Nergiz and Ötle7 (1994), Bozan and Temelli (2003) , Bozan and Temelli (2008) and Baydar and Turgut (1999) . Crops having such oil quality have considerable agricultural significance in the market for edible vegetable oil which is expanding rapidly (Singh et al., 1998) .
In addition to the fatty acid composition, the composition of tocopherol is an important characteristic feature to describe the identity of vegetable oils. The tocopherol contents of the poppy seed oils investigated in this study are given in . As can be observed, the fatty acid compositions of poppy seed oils were similar to the compositions of many other crop seed oils which contain more linoleic and less oleic acid. But poppy seed oils contain more linoleic acid than the oils of some other crops. Therefore, from a nutritional point of view, poppy seed oil is also a good source of essential fatty acids, especially linoleic acid, as compared to the other edible oil seeds (Nergiz and Ötle7, 1994; Femenia et al., 1995; Allam, 2001; Özcan and Atalay, 2006; Ryan et al., 2007) . The proportions of linoleic acid of the poppy seed oils were also higher than in other fruit seed oils (pomegranate, 3.7%; mahaleb, 35.4%; cherry laurel, 53.7%; date pit, 49.54%, walnut, 13.8-33.0%) (Zwarts et al.,1999; Allam, 2001; Colombini (2007) but lower than those of Özcan and Atalay (2006) who found 26.8 -37.2 mg/kg α-tocopherol, 309.5 -567.3 mg/kg γ-tocopherol and 6.1 -18.6 mg/kg β-tocopherol in seed oils of some poppy varieties. Bozan and Temelli (2008) also reported that the oil of poppy seeds contained 21.74 mg/100g γ-tocopherol and 5.53 mg/100g α-tocopherol. However, in another study, 0.2 mg/100g α-tocopherol and 4.7 mg/100g β ϩ γ-tocopherol in poppy seed oil were determined (Ryan et al. 2007) . Tocopherols are natural antioxidants with biological activity. The antioxidant effect is especially high if the γ-tocopherol content is high. The higher content of γ-tocopherol of the poppy seed oils can be related to their greater resistance to oxidation. The main biochemical function of tocopherols is believed to be the protection of poylunsaturated fatty acids against peroxidation (Kamal-Eldin and Andersson, 1997).
As known, phytosterols are components present in the unsaponifiable lipid fraction of foods. Phytosterols, primarily β-sitosterol, campesterol and stigmasterol are integral natural components of plant cell membranes that are abundant in vegetable oils, nuts, seeds, and grains (Weihrauch and Gardner, 1978; Lopez Ortiz et al., 2006; Ryan et al., 2007) . Table 4 presents the content and the composition of sterols in the poppy seed oils. A typical chromatogram of the sterols belonging to poppy seed oils was shown in Figure 1 . From these findings, it can be concluded that poppy seed oil represents a very important dietary source of phytosterols.
Sterol levels in this study were found higher than the findings of Ryan et al. (2007) , who determined 58.3 mg/100 g β-sitosterol, 9.8 mg/100g campesterol and 5.7 mg/100g stigmasterol in poppy seed oil. Sterol levels found in this study were different from other published results (Weihrauch and Gardner 1978; Savage et al., 1997; Ryan et al., 2007) . Like other seed oils such as canola, corn, soybean, sunflower and safflower oils, poppy seed oil also has higher amounts of campesterol, stigmasterol and ∆
5
-avenasterol contents than the fruit oils such as olive and hazelnut oils (Aparicio and McIntyre, 1998) . Savage et al. (1997) determined that hazelnut oil grown in New Zealand contained 78-114 mg/g campesterol, 15-23 mg/g stigmasterol and 33-170 mg/g ∆ 5 -avenasterol. However, the stigmasterol content of poppy seed oil is lower than those of other major seed oils except canola while it is rich in campesterol as well as others. The ∆ 5 -avenasterol contents of poppy seed oil is higher than those of some seed oils such as sunflower, soybean and safflower oils (Aparicio and McIntyre, 1998; Codex Alimentarius Commission, 2005) .
CONCLUSION
The present study indicates that poppy seed is a good natural source of phytosterols. In addition, the findings in this study are important for the nutrition sciences, because fatty acids, tocopherols and phytosterols, in particular, seem to have considerable effects on health. The results of the experiment have shown that poppy seeds have distinctive fatty acid, tocopherol and phytosterol profiles. The composition of the oil is comparable to the other commonly used oils or fats, such as olive, sunflower, safflower, peanut, palm olein, and therefore, the use of the oil in nutrition or technical applications is possible. 
